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Abstract 16 
In Australia, as in many countries, there has been a shift in timber production from native 17 
forests to plantations. While plantations are primarily considered an efficient means of 18 
producing timber, there is increasing interest in their potential contribution to biodiversity 19 
conservation, particularly when used for the reforestation of cleared land. Plantations may 20 
have both positive and negative consequences for biodiversity, at a range of scales. We 21 
compiled a list of these consequences from the literature, and used them as criteria to assess 22 
plantation scenarios proposed for cleared rainforest landscapes in eastern Australia. The 23 
scenarios were monocultures of hoop pine, monocultures of eucalypts, mixed species cabinet 24 
timber plantations, a mosaic of monoculture plantations of different species, and a mosaic of 25 
plantations and restoration plantings. Of these scenarios, eucalypt plantations have the least 26 
positive consequences for biodiversity: they have little intrinsic value, provide poor quality 27 
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habitat for rainforest biota, and are characterised by an open canopy which in cleared 1 
landscapes favours the recruitment of grasses and weeds at the expense of rainforest plants. 2 
The three scenarios based on plantations of rainforest trees have similar, moderately positive 3 
consequences for all criteria, while a mosaic of plantations and restoration plantings has the 4 
most positive consequences for biodiversity in cleared rainforest landscapes. All scenarios 5 
may have negative impacts on biodiversity conservation if plantations replace remnant forest, 6 
provide habitat for weeds, or the trees used in plantations or their genes escape into native 7 
forests. In practice, the relative importance of positive and negative impacts, and hence the 8 
ranking of plantation scenarios, may vary with landscape forest cover. In well-forested 9 
landscapes, it may be more important to minimise the negative impacts of plantation 10 
development on native forests than to maximise the positive contributions that plantations can 11 
make for biodiversity. Consequently, any plantation of rainforest trees may have acceptable 12 
consequences for biodiversity in well-forested landscapes, provided trees are not invasive or 13 
from exotic genotypes, and plantations are managed to control weeds and feral animals. In 14 
contrast, a mosaic of plantations and restoration plantings would be strongly favoured for the 15 
reforestation of heavily cleared landscapes. At present, our capacity to design and manage 16 
rainforest plantations to produce both timber and biodiversity benefits is limited by a lack of 17 
information on trade-offs or synergies between these objectives. Obtaining this information 18 
will require the integration of large-scale, long-term biodiversity research projects in 19 
broadscale plantation projects. 20 
 21 
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1. Introduction 1 
For the two centuries after European colonisation of Australia, the continent’s tropical and 2 
subtropical rainforests provided a rich harvest of cabinet timbers. High value species such as 3 
red cedar (Toona ciliata) and the austral conifers hoop pine (Araucaria cunninghamii), bunya 4 
pine (A. bidwillii) and kauri pine (Agathis robusta) were extracted from these forests ahead 5 
of, or as part of, the frontier of settlement which converted large areas of rainforest to pasture 6 
(Webb, 1966; Dargavel, 1995). As the resource began to dwindle in the early part of the 20th 7 
century, foresters began establishing plantations of rainforest trees to meet the projected 8 
future demand. Due to conflict between foresters and agriculturalists over utilisation of the 9 
remaining rainforest tracts, these plantations were mainly established by conversion of native 10 
forest. By the 1980’s, about 50,000 ha of rainforest timber plantations had been established in 11 
eastern Australia, primarily hoop pine, with smaller areas of bunya pine, kauri pine, red 12 
cedar, Qeensland maple Flindersia brayleyana and other cabinet timbers (Keenan et al., 13 
1997).  14 
In recent decades, in response to increasing community awareness of the outstanding natural 15 
values of Australian rainforests, rainforest timber plantations have generally been established 16 
on cleared land that has proved marginal for agriculture (Lamb et al., 2001). These include 17 
monoculture plantations of hoop pine and eucalypts, and mixed species plantations of 18 
rainforest cabinet timbers, established by joint ventures between state forest agencies and 19 
private landholders. In north Queensland, for example, about 2,000 ha of mixed species 20 
plantations were established on cleared, privately-owned land by the Community Rainforest 21 
Reforestation Program, a government funded scheme set up in the 1990’s following the 22 
cessation of logging in state-owned rainforests (Lamb et al., 1997). At present, the size of the 23 
plantation estate on cleared rainforest land in tropical and subtropical Australia is relatively 24 
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small, but there are proposals to greatly expand the size of the resource in both regions due to 1 
the collapse of traditional agricultural industries (Spencer et al., 1999; CRA/RFA Steering 2 
Committee, 2000; Annandale et al., 2003). 3 
While the relative merits of plantation scenarios are routinely assessed against economic 4 
criteria, we argue that the potential consequences of plantations for biodiversity also deserve 5 
serious consideration from industry proponents. It is reasonable to assume that impacts on 6 
biodiversity will have a major bearing on public acceptance of development proposals, with 7 
negative impacts being unpopular, contested or circumscribed by law (Wet Tropics 8 
Management Authority, 2003). Impacts on biodiversity are likely to affect the willingness of 9 
landholders to participate in plantation schemes, and the likelihood that such schemes will be 10 
supported by governments or large corporations (Emtage et al., 2001). Impacts on 11 
biodiversity may also determine whether projects can attract environmentally-linked funds 12 
(e.g., ethical investments, various forms of environmental credits) or sell products at a 13 
premium through environmental certification schemes (Chomitz et al., 1999; Binning et al., 14 
2002; Salt et al., 2004). 15 
At the same time, the potential for plantations to have positive consequences for biodiversity 16 
also deserve consideration by government agencies, organisations and individuals interested 17 
in conservation. In Australia, for example, tens of millions of dollars have been spent 18 
restoring rainforest patches and corridors to cleared land over the past decade (Erskine, 2002; 19 
Catterall et al., 2004b). However, only relatively small areas have been reforested using this 20 
approach, as the restoration plantings are expensive. Without a large increase in government 21 
funding or a substantial reduction in the cost of establishment, the extent of restoration 22 
plantings is likely to remain small. In contrast, timber plantations have the potential to 23 
reforest large areas of land for a financial gain. If plantations can be designed and managed to 24 
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provide benefits to native biota, they may be a cost-effective means of restoring biodiversity 1 
to cleared rainforest landscapes (Lugo, 1997; Lamb, 1998).  2 
In this paper, we consider the consequences for biodiversity of a range of broadscale 3 
plantation scenarios in cleared rainforest landscapes in tropical and subtropical Australia, 4 
including: (i) hoop pine plantations, (ii) eucalypt plantations, (iii) mixed species cabinet 5 
timber plantations, (iv) a mosaic of monoculture plantations of different species, and (v) a 6 
mosaic of plantations and restoration plantings. These scenarios are either likely to eventuate 7 
(e.g., they are expansions of existing schemes) or have been promoted as having benefits for 8 
production and biodiversity (e.g., Tracey, 1986; Shea, 1992; Lamb et al., 1997; Lamb and 9 
Keenan, 2001; Catterall et al., 2004a). Because attempts at broadscale reforestation in these 10 
landscapes are comparatively recent and relatively small scale, and some of the proposed 11 
plantation scenarios are novel, we are forced to rely on extrapolation from other studies and 12 
reasoned speculation to assess some scenarios. Despite these limitations, we believe such an 13 
assessment is opportune, given the proposed expansion of broadscale plantations in these 14 
regions in the near future. 15 
2. Consequences of plantation development for biodiversity  16 
Plantations may have a range of positive or negative consequences for biodiversity, at a range 17 
of scales (Table 1). For example, plantations may provide habitat for native plants and 18 
animals and, at a broader scale, facilitate the dispersal of wildlife across cleared landscapes 19 
(Lamb, 1998; Lindenmayer, 2002). Conversely, plantations may harbour and promote the 20 
spread of weeds, or the trees used in plantations may themselves become weeds (Richardson, 21 
1998). The consequences of plantations for biodiversity will vary with aspects of design (e.g., 22 
the species planted, planting density, the size and configuration of coupes, the retention or 23 
restoration of native forest), management (e.g., chemical application, thinning, pruning and 24 
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harvest regimes), and other factors such as landscape context. These issues have been 1 
reviewed by a number of authors (e.g., Parrotta et al., 1997 and references therein; Lamb, 2 
1998; Norton, 1998; Richardson, 1998; Ashton et al., 2001; Hartley, 2002; Lindenmayer, 3 
2002; Lindenmayer and Franklin, 2002; Salt et al., 2004; and specifically for rainforest 4 
landscapes of Australia by Catterall 2000; Catterall et al. 2004a, b; Kanowski et al. 2003a, 5 
2004a.). 6 
[Author’s note: Table 1 approximately here] 7 
We used the consequences listed in Table 1 to assess the impacts of plantation scenarios 8 
proposed for cleared rainforest landscapes in eastern Australia. We were concerned mostly 9 
with the consequences of plantation development for rainforest-dependent biota, which are 10 
the primary focus of conservation and restoration efforts in these landscapes (see also 11 
Catterall et al., 2004b; Kanowski et al., 2004a). Primary data sources were surveys of 12 
rainforest timber plantations and other types of reforestation in tropical and subtropical 13 
Australia (Catterall, 2000; Kanowski et al., 2003a; Catterall et al., 2004a, 2004b; Kanowski et 14 
al., 2004a; Wardell-Johnson et al., 2004), and surveys of eucalypt plantations in subtropical 15 
Queensland (Boorsboom et al. 2002). We interpreted the results of these studies cautiously in 16 
relation to broadscale plantation scenarios, due to the relatively young age of most types of 17 
reforestation, the relatively small scale at which reforestation has been attempted to date, and 18 
aspects of the location, design and management of existing plantations which may not pertain 19 
to broadscale plantation scenarios.  20 
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3. Consequences for biodiversity of plantation scenarios in cleared rainforest landscapes 1 
in eastern Australia 2 
3.1 Hoop pine plantations 3 
Expansion of the hoop pine plantation estate is one of the more likely scenarios for plantation 4 
development in former rainforest landscapes in eastern Australia, as there is an established 5 
resource, an industry geared to processing the logs and a ready market for the timber. Hoop 6 
pine is also one of the few Australian rainforest timber trees which has been the subject of an 7 
improvement program and whose silviculture is well known (Lamb and Keenan, 2001). Some 8 
hoop pine plantations have already been established on cleared land in tropical and 9 
subtropical Queensland under joint venture schemes.  10 
Hoop pine plantations are either known to have, or are likely to have, a range of positive 11 
consequences for biodiversity in cleared rainforest landscapes. While the intrinsic 12 
biodiversity value of a hoop pine monoculture is low relative to native rainforest, many 13 
existing hoop pine plantations have recruited an understorey of rainforest plants and support a 14 
relatively high diversity of rainforest-dependant biota (Fisher, 1980; Keenan et al., 1997; 15 
Bentley et al., 2000; Catterall et al., 2004b; Kanowski et al., 2003a, 2004a; Wardell-Johnson 16 
et al., 2004). Important caveats to these findings are that most hoop pine plantations have 17 
been established by conversion of native forest and are located adjacent to remnant rainforest, 18 
factors which are likely to increase their value for rainforest biota relative to broadscale 19 
timber plantations used to reforest cleared land (Kanowski et al., 2003a, 2004a). Some of the 20 
positive impacts of hoop pine plantations on biodiversity are generic to plantation 21 
development. These include reduced pressure to harvest rainforests elsewhere, the buffering 22 
of adjacent rainforest remnants from climatic extremes, carbon sequestration (with 23 
consequences to biodiversity at a global scale, although the contribution of any single 24 
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plantation would be small), and possibly improvements in water quality, depending on 1 
management.  2 
Hoop pine plantations appear to have few negative impacts on rainforest biodiversity, other 3 
than those common to plantation development (e.g., remnant forest patches may be cleared to 4 
establish plantations). At present, mature hoop pine plantations generally support few weeds 5 
(Fisher, 1980; Keenan et al., 1997; Wardell-Johnson et al., 2004), although this may not be 6 
the case for plantations established on cleared land, away from remnants, or in future 7 
rotations. Hoop pine itself is not a potential weed, but there is a risk of genetic introgression 8 
from plantations of hoop pine into local populations as a result of breeding programs which 9 
have used non-local genetic material (including New Guinean provenances) to increase 10 
timber production.  11 
3.2 Eucalypt plantations 12 
Broadscale eucalypt plantations have been established in many parts of Australia, including 13 
the cleared rainforest landscapes of northern New South Wales and south-east Queensland 14 
(Wood et al., 2001). There are active programs to expand the area of eucalypt plantations in 15 
cleared rainforest landscapes because of the high productivity than can be achieved on moist, 16 
fertile sites (Spencer et al., 1999; CRA/RFA Steering Committee, 2000; Lamb and Keenan, 17 
2001).  18 
Although relevant data are limited, eucalypt plantations are likely to have few positive 19 
impacts on rainforest biodiversity other than those generic to plantation development. Even 20 
those benefits are modest. For example, eucalypt plantations may not greatly reduce the 21 
pressure to harvest native rainforests, because their products (primarily pulp, poles and 22 
sawlogs) will not readily substitute for some of the products of rainforest species (especially 23 
cabinet timbers). Eucalypt plantations tend to have a relatively open canopy compared with 24 
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plantations of rainforest species, and hence are likely to be only moderately effective as 1 
buffers of rainforest remnants. Eucalypts may be more effective carbon sinks than slower-2 
growing rainforest trees, but this particular benefit to biodiversity is negligible at a site or 3 
landscape scale.  4 
Eucalypt plantations have little intrinsic biodiversity value in rainforest landscapes, unless 5 
they are used to reforest those parts of the landscape which once supported eucalypt forests 6 
(generally, the drier margins of rainforest landscapes, pockets of infertile soil or other fire-7 
prone locations: Bowman, 2000). Because of their open canopy, the understorey of eucalypt 8 
plantations tends to be dominated by light-demanding grasses and weeds in cleared or 9 
disturbed rainforest landscapes, which suppress the recruitment of rainforest plants 10 
(Harrington and Ewel, 1997; Kanowski et al., 2003a; Wardell-Johnson et al., 2004). Further, 11 
the type of habitat provided by eucalypt plantations does not favour specialist rainforest biota 12 
(Boorsboom et al., 2002). For example, plantations of Gympie messmate Eucalyptus 13 
cloeziana support many fewer rainforest birds (as a proportion of the avifauna) than hoop 14 
pine plantations in south-east Queensland (Fig. 1). The value of eucalypt plantations to 15 
rainforest birds in eastern Australia may also be reduced by the colonisation of plantations by 16 
an aggressive colonial bird species, the noisy miner Manorina melanocephala. The noisy 17 
miner is capable of excluding many smaller forest-dependent bird species from local areas 18 
(Catterall, 2004).  19 
[Author’s note: Fig. 1 approximately here] 20 
Eucalypt plantations may have a number of negative consequences for biodiversity in 21 
rainforest landscapes. For example, eucalypt plantations appear to be particularly susceptible 22 
to weed invasion in cleared rainforest landscapes (Wardell-Johnson et al., 2004). While 23 
eucalypts will not invade rainforests, there is potential for genetic introgression from 24 
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plantations into naturally occurring eucalypt populations, due to the widespread use of 1 
hybrids and non-local provenances in eucalypt plantations (Potts et al., 2001). Eucalypt 2 
plantations are also likely to be much more likely to carry a fire than plantations of rainforest 3 
species. 4 
3.3 Mixed species plantations  5 
Several thousand ha of mixed species plantations have been established on cleared rainforest 6 
land in eastern Australia over the past two decades, mostly as small farm forestry plots (Vize 7 
and Creighton, 2001; Catterall et al., 2004b). There is continued interest in mixed species 8 
plantings amongst landholders and researchers in tropical and subtropical Australia, and it is 9 
possible that mixed species plantations could be established on a broader scale in both 10 
regions (Lamb and Keenan, 2001).  11 
Mixed species plantations have been proposed as a ‘win-win’ situation for timber production 12 
and biodiversity (e.g., Lamb, 1998; Herbohn et al., 2000; Hartley, 2002). However, this claim 13 
appears to be overstated, at least for biodiversity conservation in rainforest plantations. If 14 
native trees are used, mixed species plantations (which in eastern Australia typically 15 
comprise 6 – 20 tree species) will have more intrinsic biodiversity value than monocultures. 16 
However, mixed species plantations are much less diverse than native rainforests, which are 17 
comprised of hundreds of tree species (Lamb et al., 1997; Tucker et al., 2004). Mixed species 18 
timber plantations also tend to support few rainforest specialists, at least in the decade 19 
following establishment (Catterall et al., 2004b; Kanowski et al., 2004a; Wardell-Johnson et 20 
al., 2004). For example, in tropical Queensland, young mixed species plantations do not 21 
appear to support any more rainforest bird species than monocultures of hoop pine (Fig. 2). 22 
The relatively low value of mixed species plantations for rainforest biota is presumably a 23 
consequence of their simple structure and floristic composition, their use of few fleshy-24 
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fruited tree species, and the high proportion of eucalypts used in many plots. Hence, even 1 
when these plantations mature, their value for rainforest biota is likely to remain low 2 
(Catterall, 2000; Kanowski et al., 2003a, 2004a; Tucker et al., 2004).  3 
[Author’s note: Fig. 2 approximately here] 4 
Mixed species plantations may have a number of negative consequences for biodiversity. In 5 
particular, the rainforest species used in plantations may invade remnant forests when planted 6 
outside their natural range. For example, Queensland maple (endemic to north Queensland), a 7 
widely planted cabinet timber species, is considered a potential weed in subtropical Australia 8 
(Big Scrub Rainforest Landcare Group, 2000). There is also a potential for genetic 9 
introgression into local populations if non-local provenances are used in plantations, as is 10 
often the case. When established at a relatively low density and especially with a high 11 
proportion of eucalypts, mixed species plantations tend to have a relatively open canopy and 12 
are susceptible to weed invasion (Wardell-Johnson et al., 2004). 13 
3.4 Mosaic of monocultures  14 
Broadscale mixed species plantations of rainforest trees are uncommon, largely because they 15 
are considered difficult to manage and harvest. Lamb (1998) suggested that a mosaic of 16 
monoculture plantations would provide the same level of biodiversity as mixed species 17 
plantings at the landscape scale, while retaining the production benefits of monocultures. 18 
While this approach has not been used for broadscale reforestation in Australia, mosaics of 19 
monoculture plantations occur in a number of state forests in tropical and subtropical 20 
Queensland (Keenan et al., 1997).   21 
According to Herbohn et al. (2000, p.19), a mosaic of monocultures could “confer a high 22 
degree of heterogeneity and biodiversity to the landscape” and result in “a diversity of 23 
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potential wildlife habitats.” However, we suggest that the value of a mosaic of monocultures 1 
for rainforest biodiversity is likely to be intermediate between monocultures and mixed 2 
species plantings: i.e., not particularly high. Certainly, a mosaic of monocultures would have 3 
more intrinsic value than extensive monocultures, but the number of species planted would 4 
still be a fraction of native forest. A mosaic of monocultures would also be expected to 5 
recruit a greater diversity of plant species than extensive monocultures (Keenan et al., 1997; 6 
Lamb et al., 1997). However, the effect of different plantation species on regeneration may be 7 
limited, unless the trees used in plantations differ markedly in attributes which influence 8 
regeneration, such as canopy cover or litter depth (Harrington and Ewel, 1997; Jones et al., 9 
2004; Lemenih et al., 2004). For example, plantations of hoop pine, kauri pine and 10 
Queensland maple at Gadgarra State Forest, north Queensland, have recruited relatively 11 
similar assemblages of rainforest plants (Table 2), despite some differences in vegetation 12 
structure between these plantations (Kanowski et al., 2003a). In contrast, Keenan et al. (1997) 13 
reported that plantations of hoop pine, Queensland maple and red cedar at Gadgarra State 14 
Forest and elsewhere in north Queensland had recruited relatively different assemblages of 15 
plants. However, the methodology used by Keenan et al. (1997) is biased towards finding 16 
differences between assemblages, as they surveyed small plots (typically, 0.0024 - 0.06 ha 17 
per plantation, for seedlings and trees, respectively), relative to the size of plantations (2 – 40 18 
ha), and used a measure of similarity (Sorenson’s index) which is sensitive to small sample 19 
size (Plotkin and Muller-Landau, 2002).  20 
[Author’s note: Table 2 approximately here] 21 
Further, a mosaic of monoculture plantations is likely to have fewer benefits for fauna, 22 
particularly vertebrates, than for plants. Most rainforest vertebrates require a diverse suite of 23 
floristic and structural resources at the scale of an individual’s home range (Winter et al., 24 
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1988; Kikkawa, 1990; Jones and Crome, 1990; Kanowski et al., 2003b). Hence, while 1 
plantation mosaics may provide a greater diversity of floristic resources than monocultures at 2 
the landscape scale, only wide-ranging vertebrates would be able to harvest or use those 3 
resources, assuming plantations were in the order of 10 – 50 ha as is generally the case in 4 
eastern Australia. In comparison, most arboreal marsupials in Australian rainforests, for 5 
example, utilise a home range only a few ha in size (Newell, 1999; Wilson, 2000). Nor would 6 
a mosaic of monocultures provide any more of the structural resources required by many 7 
vertebrates (e.g., woody debris, hollows) than an extensive monoculture. For these reasons, a 8 
mosaic of monocultures is unlikely to support a much more diverse fauna than an extensive 9 
monoculture. These arguments are supported by surveys of birds in plantations of 10 
Queensland maple, kauri pine and hoop pine in Gadgarra State Forest (the same plantations 11 
surveyed for plants, above). In these surveys, most bird species recorded in one plantation 12 
species were also recorded in another (Table 2), suggesting that the mosaic of plantations was 13 
not providing much greater habitat value for birds than each monoculture plantation on its 14 
own.  15 
An important caveat on extrapolating these results to a scenario of broadscale reforestation is 16 
that many of the old rainforest timber plantations established in north Queensland represent a 17 
highly favourable situation for the recruitment of rainforest biota. The plantations were 18 
established by conversion of rainforest, located adjacent to extensive forest and subject to 19 
minimal management for timber production. The Gadgarra plantations surveyed above, for 20 
example, have recruited about 50% of the plants and are used by 70 – 80% of the birds 21 
recorded in adjacent rainforest plots (Table 3). However, if plantations were used for the 22 
broadscale reforestation of cleared land, it is likely that many fewer species would be able to 23 
disperse to plantations (Bell, 1979; Catterall et al., 2004b; Kanowski et al., 2003a, 2004a). In 24 
that case, biota using plantations are more likely to come from a small pool of pioneer or 25 
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generalist species (Haggar et al., 1997), and the biodiversity value of a mosaic of 1 
monocultures relative to an extensive monoculture would be even less pronounced.  2 
3.5 Mosaic of plantations and restoration plantings 3 
Instead of attempting to meet both production and biodiversity objectives from the one stand 4 
of trees in timber plantations, it may be preferable to meet these objectives from different 5 
parts of the plantation estate: e.g., from a mosaic of plantations and restoration plantings 6 
(Lamb, 1998; Lindenmayer and Franklin, 2002; Catterall et al., 2004a). While this approach 7 
has not been used for broadscale reforestation in eastern Australia, an analogous approach has 8 
long been practised in state forests, where plantations of hoop pine and other rainforest 9 
species have been established amongst a network of retained rainforest, primarily in an 10 
attempt to control the spread of fire.  11 
This scenario is likely to have positive impacts on biodiversity for all criteria presented in 12 
Table 1. The plantations themselves may have some positive impacts on biodiversity, 13 
depending on the species used and other aspects of design and management, as discussed 14 
above. However, most of the positive impacts of this scenario are due to the inclusion of 15 
restoration plantings in the plantation estate. Restoration plantings typically have a high 16 
intrinsic value (e.g., up to 100 locally occurring species of rainforest plants are used in 17 
restoration plantings in eastern Australia: Goosem and Tucker, 1995; Kooyman, 1996). 18 
Furthermore, restoration plantings have the potential to support many species of rainforest 19 
plants, birds and invertebrates within a few decades of establishment (Catterall et al., 2004b; 20 
Kanowski et al., 2004a) (Fig. 2). If riparian areas in plantations were targetted for restoration 21 
plantings (as suggested by many authors, e.g., Lamb et al., 1997; Lindenmayer, 2002; Salt et 22 
al., 2004; Tucker et al., 2004), then these plantings may form a network of high quality 23 
habitat which would potentially increase the dispersal of rainforest biota across the landscape, 24 
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especially if plantings were contiguous with remant rainforest (Tucker, 2000; Kanowski et 1 
al., 2003c). Biota using or dispersing from these plantings would also provide a source of 2 
colonists to plantations over the harvest cycle. Riparian plantings would also help minimise 3 
the potential negative impacts of plantation management on water quality and aquatic biota 4 
(Bunn et al., 1999).  5 
The potential negative impacts of a mosaic of plantations and restoration plantings on 6 
biodiversity are similar to those discussed for other plantation scenarios. Depending on the 7 
species and provenances planted, there may be a risk of species invading native forests or 8 
genetic introgression into local populations of trees, and the plantations may harbour weeds 9 
and feral animals.  10 
4. Discussion 11 
4.1 The value of plantation scenarios for biodiversity 12 
A simple tally of positive and negative consequences suggests there are three distinct 13 
outcomes for biodiversity in cleared rainforest landscapes from the scenarios considered in 14 
this paper (Table 3). Eucalypt plantations are likely to provide few positive benefits and a 15 
number of negative impacts on biodiversity in cleared rainforest landscapes. Three scenarios 16 
- hoop pine plantations, mixed species plantations and a mosaic of monocultures – are likely 17 
to have similar, moderately positive impacts on biodiversity, while a mosaic of plantations 18 
and restoration plantings is likely to have a strongly positive impact on biodiversity in cleared 19 
rainforest landscapes.  20 
[Author’s note: Table 3 approximately here] 21 
In cleared rainforest landscapes of eastern Australia, there has been a long-standing interest in 22 
the potential for mixed species plantations to provide both production and biodiversity 23 
 16
benefits (Lamb et al., 1997; Lamb, 1998; Herbohn et al., 2000; Lamb and Keenan, 2001; 1 
Tucker et al., 2004). However, we suggest that the opportunities for combining production 2 
and biodiversity in plantations are probably more limited in rainforest landscapes than they 3 
are in other, less diverse, ecosystems. This is because timber plantations (even mixed species 4 
plantations) tend to be very much simpler, both floristically and structurally, than intact 5 
rainforest (Kanowski et al., 2003a; Catterall et al. 2004 a, 2004b). Furthermore, routine 6 
management for timber production is likely to further compromise the structural complexity, 7 
floristic diversity and hence habitat value of plantations (Kanowski et al. 2004a). Instead, 8 
production and biodiversity objectives may best be met from different parts of the plantation 9 
estate (i.e., a mosaic of plantations and restoration plantings) in rainforest landscapes. 10 
In practice, the relative importance of positive and negative consequences, and hence the 11 
ranking of plantation scenarios, may vary with landscape forest cover. For example, the 12 
positive contributions that plantations could make to biodiversity (e.g., habitat, dispersal 13 
corridors) may be the primary consideration in poorly forested landscapes. In contrast, in 14 
well-forested landscapes, biodiversity objectives may best be served by minimising the 15 
potential negative impacts of plantations (e.g., weeds, genetic introgression) on native forests, 16 
rather than by maximising positive impacts. This assymetry of impacts has implications for 17 
the planning of reforestation projects at a regional scale. On the analysis presented here, a 18 
mosaic of plantations and restoration plantings (the scenario with the most positive 19 
consequences for biodiversity) would be strongly favoured for the reforestation of heavily 20 
cleared landscapes. In contrast, on the margins of extensive rainforest or other well-forested 21 
parts of the landscape, any plantation of rainforest trees may be acceptable, provided those 22 
trees are not potentially invasive or from non-local genotypes, and are managed to minimise 23 
their habitat value for weeds and feral animals.  24 
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4.2 Integrating biodiversity and production objectives in broadscale plantations in cleared 1 
rainforest landscapes 2 
While plantations have traditionally been viewed as an efficient means of producing timber, 3 
there is increasing interest in the role that plantations might play in the conservation of 4 
biodiversity while still meeting production objectives (e.g., Parrotta et al., 1997; Lamb, 1998; 5 
Hartley, 2002; Lindenmayer, 2002; Salt et al., 2004). Suggestions include using locally-6 
occurring trees rather than exotics; establishing mixed species plantations rather than 7 
monocultures; staggering the harvest of coupes; retaining or restoring native forest; and so 8 
on. However, our capacity to design and manage rainforest plantations to produce both 9 
timber and biodiversity benefits is limited by a lack of information on trade-offs or synergies 10 
between these objectives, particularly at the landscape scale. For example, in a mosaic of 11 
plantations and restoration plantings, we do not know what proportion of a plantation estate 12 
would need to be allocated to restoration plantings to achieve particular conservation goals. 13 
This question is fundamental to achieving outcomes for production and biodiversity, yet an 14 
optimal answer is likely to vary with the amount and spatial configuration of remnant forest, 15 
the habitat suitability of the plantations, and the habitat requirements of particular taxa (e.g., 16 
Lindenmayer and Franklin, 2002; Catterall et al., 2004a). Answers to these types of questions 17 
will require the integration of large-scale, long-term biodiversity research projects in 18 
broadscale plantation projects (Lindenmayer, 2002). There is also a need for better 19 
information on the economic value of different plantation scenarios, particularly in cases 20 
where the consequences of plantations for biodiversity are explicitly valued, e.g., where 21 
payments are made for environmental services (Binning et al., 2002). Joint consideration of 22 
both objectives may have some surprising results: for example, a mosaic of plantations and 23 
restoration plantings would not only have more biodiversity value than mixed species 24 
plantings, but would be cheaper to establish. At current prices (e.g., Erskine, 2002), up to 25 
 18
25% of a plantation estate could be devoted to restoration plantings before the cost of 1 
establishment exceeded that of mixed species plantings.  2 
Acknowledgements 3 
Thanks to Heather Proctor, Terry Reis, Nigel Tucker, Elinor Scambler, Stephen McKenna, 4 
Rob Kooyman, many landholders, and others who have contributed to the ‘Quantifying 5 
Biodiversity Values of Reforestation’ project of the Rainforest CRC.    6 
References 7 
Annandale, M., Bristow, M., Storey, R., Williams, K.J., 2003. Land Suitability for Plantation 8 
Establishment Within 200 km of Cairns. QFRI, Agency for Food and Fibre Sciences, 9 
Queensland Department of Primary Industries, Brisbane.  10 
Ashton, M.S., Gunatilleke, C.V., Singhakumara, B.M., Gunatilleke, I.A., 2001. Restoration 11 
pathways for rainforest in southwest Sri Lanka: a review of concepts and models. For. Ecol. 12 
Manage. 154, 409-430. 13 
Bell, H.L., 1979. The effects on rain-forest birds of plantings of teak, Tectona grandis, in 14 
Papua New Guinea. Aust. Wild. Res. 6, 305-318. 15 
Bentley, J.M., Catterall, C.P., Smith, G.C., 2000. Effects of fragmentation of araucarian vine 16 
forest on small mammal communities. Cons. Biol. 14: 1075-1087. 17 
Big Scrub Rainforest Landcare Group, 2000. Common Weeds of Northern NSW Rainforest. 18 
Big Scrub Rainforest Landcare Group, Mullumbimby. 19 
Binning, C.. Baker, B., Meharg, S., Cork, S., Kearns, A., 2002. Making Farm Forestry Pay – 20 
Markets for Ecosystem Services. RIRDC publication 02/005.  21 
 19
Borsboom, A.C, Wang, J., Lees, N., Mathieson, M., Hogan, L., 2002. Measurement and 1 
integration of fauna biodiversity values in Queensland agroforestry system. Joint Venture 2 
Agroforestry Program, RIRDC publication 02/044, Canberra. 3 
Bowman, D.M., 2000. Australian Rainforests: Islands of Green in the Land of Fire. 4 
Cambridge University Press, Cambridge. 5 
Bunn, S.E., Davies, P.M., Mosisch., T.D., 1999. Ecosystem measures of river health and their 6 
response to riparian and catchment degradation. Fresh. Biol. 41, 333-345. 7 
Catterall, C.P., 2000. Wildlife biodiversity challenges for tropical rainforest plantations. In: 8 
Snell, A., Vize, S. (Eds.), Opportunities for the New Millenium. Proceedings of the 9 
Australian Forest Growers Biennial Conference, pp. 191-195. 10 
Catterall, C.P., 2004. Birds, garden plants and suburban bushlots: where good intentions meet 11 
unexpected outcomes. In: Lunney, D., Burgin, S. (Eds.), Urban Wildlife: More than Meets 12 
the Eye. Royal Zoological Society of New South Wales, Sydney, pp. 22 – 31. 13 
Catterall, C.P., Kanowski, J., Lamb., D., Killin, D., Erskine, P., Wardell-Johnson, G.W., 14 
2004a. Trade-offs between timber production and biodiversity in rainforest plantations: 15 
emerging issues and an ecological perspective. In: Erskine, P.D., Lamb, D., Bristow, M. 16 
(Eds.), Reforestation in the Tropics and Subtropics of Australia Using Rainforest Tree 17 
Species. RIRDC, Canberra, in press.  18 
Catterall, C.P., Kanowski, J., Wardell-Johnson, G.W., Proctor, H., Reis, T., Harrison, D., 19 
Tucker, N.I.J., 2004b. Quantifying the biodiversity values of reforestation: perspectives, 20 
design issues and outcomes in Australian rainforest landscapes. In: Lunney, D. (Ed.), 21 
Conservation of Australia’s Forest Fauna, Vol. 2. Royal Zoological Society of New South 22 
Wales, Sydney, in press. 23 
 20
Chomitz, K.M., Brenes, E., Constantino, L., 1999. Financing environmental services: the 1 
Costa Rican experience and its implications. Sci. Total Environ. 240, 157-169. 2 
CRA/RFA Steering Committee, 2000. Identification of Commercial Timber Plantation 3 
Expansion Opportunities in New South Wales - Upper and Lower North East CRA Region. 4 
Bureau of Rural Sciences, State Forests New South Wales and Australian Bureau of 5 
Agricultural and Resource Economics, Canberra. 6 
Crome, F., Isaacs, J., Moore, L., 1994.  The utility to birds and mammals of remnant riparian 7 
vegetation and  associated windbreaks in the tropical Queensland uplands. Pac. Cons. Biol. 1, 8 
328-343. 9 
Dargavel, J. 1995. Fashioning Australia's Forests. Oxford University Press, Melbourne. 10 
Driml, S., 1997. Towards Sustainable Tourism in the Wet Tropics World Heritage Area. Wet 11 
Tropics Management Authority, Cairns. 12 
Emtage, N.F., Harrison, S.R., Herbohn, J.L., 2001. Landholder attitudes to and participation 13 
in farm forestry activities in sub-tropical and tropical eastern Australia. In: Harrison, S.R., 14 
Herbohn, J.L. (Eds.), Sustainable Farm Forestry in the Tropics. Edward Elgar, Cheltenham, 15 
pp.195-210. 16 
Erskine, P., 2002. Land clearing and forest rehabilitation in the Wet Tropics of north 17 
Queensland, Australia. Ecol. Manage. Restor. 3, 135-137. 18 
Fisher, W.J., 1980. Ecology and history of plantations of hoop pine (Araucaria 19 
cunninghammii Aiton ex D. Don) at Yarraman, Queensland. Unpublished M.Sc. Thesis, 20 
University of Queensland, 243 pp. 21 
 21
Goosem, S., Tucker, N.I.J., 1995. Repairing the Rainforest: Theory and Practice of Rainforest 1 
Reestablishment in north Queenslands Wet Tropics. Wet Tropics Management Authority, 2 
Cairns. 3 
Haggar, J., Wightman, K., Fisher, R. 1997. The potential of plantations to foster woody 4 
regeneration within a deforested landscape in lowland Costa Rica. For. Ecol. Manage. 99, 55-5 
64. 6 
Harrington, R.A., Ewel, J.J., 1997. Invasibility of tree plantations by native and non-7 
indigenous plant species in Hawaii. For. Ecol. Manage. 99, 153-162. 8 
Hartley, M.J., 2002. Rationale and methods for conserving biodiversity in plantation forests. 9 
For. Ecol. Manage. 155, 81-95. 10 
Herbohn, J.L., Harrison, S.R., Lamb, D., Keenan, R., 2000. Small-scale forestry systems for 11 
timber and non-timber benefits including biodiversity. In: Harrison, S.R., Herbohn, J.L., 12 
Herbohn, K.F. (Eds.), Sustainable Small-scale Forestry: Socio-economic analysis and policy. 13 
Edward Elgar, Cheltenham, pp. 14 – 25. 14 
Jones, E.R., Wishnie, M.H., Deago, J., Sautu, A., Cerezo, A., 2004. Facilitating natural 15 
regeneration in Saccharum spontaneum (L.) grasslands within the Panama Canal Watershed: 16 
effects of tree species and tree structure on vegetation recruitment patterns. For. Ecol. 17 
Manage. 191, 171-183. 18 
Jones, R., Crome, F.H.J., 1990. The biological web – plant-animal interactions in the 19 
rainforest. In: Webb, L.J., Kikkawa, J. (Eds.), Australian Tropical Rainforest – Science, 20 
Values, Meaning. CSIRO, Australia, pp. 74-87. 21 
 22
Kanowski, J., Catterall, C.P., Wardell-Johnson, G.W., Proctor, H., Reis, T., 2003a. 1 
Development of forest structure on cleared rainforest land in eastern Australia under different 2 
styles of reforestation. For. Ecol. Manage. 183, 265-280.  3 
Kanowski, J., Irvine, A.K., Winter, J.W., 2003b. The relationship between the floristic 4 
composition of rain forests and the abundance of folivorous marsupials in north-east 5 
Queensland. J. Anim. Ecol. 72, 627-632. 6 
Kanowski, J., Winter, J.W., Simmons, T., Tucker, N.I.J., 2003c. Conservation strategy for 7 
Lumholtz’s tree-kangaroo on the Atherton Tablelands. Ecol. Manage. Restor. 4, 220-221. 8 
Kanowski, J., Catterall, C.P., Proctor, H., Reis, T., Tucker, N.I.J., Wardell-Johnson, G.W., 9 
2004a. Biodiversity values of timber plantations and restoration plantings for rainforest fauna 10 
in tropical and subtropical Australia. In: Erskine, P.D., Lamb, D., Bristow, M. (Eds.), 11 
Reforestation in the Tropics and Subtropics of Australia Using Rainforest Tree Species. 12 
RIRDC, Canberra, in press.  13 
Kanowski, J., Catterall, C.P., Reis, T., Wardell-Johnson, G.W., 2004b. Animal-plant 14 
interactions in rainforest restoration in tropical and subtropical Australia. In: Kanowski, J., 15 
Catterall, C.P., Dennis, A.J., Westcott, D.A. (Eds.), Animal-Plant Interactions in Rainforest 16 
Conservation and Restoration. Rainforest CRC, Cairns, pp. 20 –24..  17 
Keenan, R., Lamb, D., Woldring, O, Irvine, A., Jensen, R., 1997. Restoration of plant 18 
biodiversity beneath tropical tree plantations in Northern Australia. For. Ecol. Manage. 99, 19 
117-131. 20 
Kikkawa, J., 1968. Ecological association of bird species and habitats in eastern Australia: 21 
similarity analysis. J. Anim. Ecol. 37, 143-165. 22 
 23
Kikkawa, J., 1990. Specialisation in the tropical rainforest. In: Webb, L.J., Kikkawa, J. 1 
(Eds.), Australian Tropical Rainforest – Science, Values, Meaning. CSIRO, Australia, pp. 67-2 
73. 3 
Kikkawa, J., 1991. Avifauna of Australian rainforests. In: Werren, G., Kershaw, P. (Eds.), 4 
The Rainforest Legacy. Volume 2. Flora and Fauna of the Rainforests. Australian 5 
Government Publishing Service, Canberra, pp. 187-196. 6 
Kooyman, R., 1996. Growing Rainforest. Rainforest Restoration and Regeneration – 7 
Recommendations for the Humid Subtropical Region of Northern NSW and South-east Qld. 8 
Greening Australia, Brisbane. 9 
Lamb, D., 1998. Large-scale ecological restoration of degraded tropical forest lands: the 10 
potential role of timber plantations. Restor. Ecol. 6, 271-279. 11 
Lamb, D., Keenan, R., 2001. Silvicultural research and development of new plantation 12 
systems using rainforest tree species. In: Harrison, S. and Herbohn, J. (Eds.), Sustainable 13 
Farm Forestry in the Tropics. Edward Elgar, Cheltenham, pp 21-24. 14 
Lamb, D., Keenan, R., Gould, K., 2001. Historical background to plantation development in 15 
the tropics: a north Queensland case study. In: Harrison, S.R., Herbohn, J.L. (Eds.), 16 
Sustainable Farm Forestry in the Tropics. Edward Elgar, Cheltenham, pp. 9 – 20. 17 
Lamb, D., Parrotta, J.A., Keenan, R., Tucker, N., 1997. Rejoining habitat remnants: restoring 18 
degraded rainforest lands. In: Laurance, W.F., Bierregaard, R.O. (Eds.), Tropical Forest 19 
Remnants. University of Chicago Press, Chicago, pp. 366-385. 20 
Lemenih, M., Gidyelew, T., Teketay, D., 2004. Effects of canopy cover and understorey 21 
environment of tree plantations on richness, density and size of colonizing woody species in 22 
southern Ethiopia. For. Ecol. Manage. 194, 1-10. 23 
 24
Lindenmayer, D., 2002. Plantation Design and Biodiversity Conservation. Joint Venture 1 
Agroforestry Program, RIRDC publication 02/019, Canberra. 2 
Lindenmayer, D.B., Franklin, J.F., 2002. Conserving Forest Biodiversity: a Comprehensive 3 
Multiscaled Approach. Island Press, Washington. 4 
Lugo, A.E., 1997. The apparent paradox of reestablishing species richness on degraded lands 5 
with tree monocultures. For. Ecol. Manage. 99, 9-19. 6 
Newell, G.R., 1999. Home range and habitat use by Lumholtz’s tree-kangaroo (Dendrolagus 7 
lumholtzi) within a rainforest fragment in north Queensland. Wild. Res. 26, 129-145.  8 
Norton, D.A., 1998. Indigenous biodiversity conservation and plantation forestry: options for 9 
the future. New Zealand For. 43, 34-39. 10 
Parrotta, J.A., Turnbull, J.W., Jones, N., 1997. Catalyzing native forest regeneration on 11 
degraded tropical lands. For. Ecol. Manage. 99, 1-7. 12 
Plotkin, J.B., Muller-Landau, H.C., 2002. Sampling the species composition of a landscape. 13 
Ecology 83, 3344–3356. 14 
Potts, B.M., Barbour, R.C., Hingston, A.B., 2001. Genetic Pollution from Farm Forestry.  15 
RIRDC, Canberra. 16 
Richardson, D.M., 1998. Forestry trees as invasive aliens. Cons. Biol. 12, 18-26.  17 
Salt, D., Lindenmayer, D., Hobbs, R., 2004. Trees and Biodiversity: a Guide for Australian 18 
Farm Forestry. Joint Venture Agroforestry Program, RIRDC publication 03/047, Canberra. 19 
Shea, G.M., 1992. New Timber Industry Based on Valuable Cabinetwoods and Hardwoods. 20 
Queensland Forest Service, Department of Primary Industries, Brisbane.  21 
 25
Spencer, R.D, Bums, K., Andrzejewski, K.P., Bugg A., Lee, A., Whitfield, D., 1999. 1 
Opportunities for Hardwood Plantation Development in South East Queensland. Bureau of 2 
Rural Sciences and Australian Bureau of Agricultural and Resource Economics, Canberra. 3 
Tracey, J.G., 1986. Trees on the Atherton Tableland: Remants, Regrowth and Opportunities 4 
for Planting. CRES working paper 1986/35, Centre for Resource and Environmental Studies, 5 
Australian National University, Canberra. 6 
Tucker, N.I.J., 2000. Linkage restoration: interpreting fragmentation theory for the design of 7 
a rainforest linkage in the humid Wet Tropics of north-eastern Queensland. Ecol. Manage. 8 
Restor. 1, 35-41. 9 
Tucker, N.I.J., Wardell-Johnson, G., Catterall, C.P., Kanowski, J., 2004. Agroforestry and 10 
biodiversity: Improving the outcomes for conservation in tropical north-eastern Australia., In: 11 
Schroth, G., Fonseca, G., Harvey, C.A., Gascon, C., Vasconcelos, H., Izac, A.M.N. (Eds.), 12 
Agroforestry and Biodiversity Conservation in Tropical Landscapes. Island Press, 13 
Washington, pp. 754-783. 14 
Vize, S.M., Creighton, C., 2001. Institutional impediments to farm forestry. In: Harrison, 15 
S.R., Herbohn, J.L. (Eds.), Sustainable Farm Forestry in the Tropics. Edward Elgar, 16 
Cheltenham, pp. 241-255. 17 
Wardell-Johnson, G.W., Kanowski, J., Catterall, C., Lamb, D., Piper, S., 2004. Rainforest 18 
timber plantations and the restoration of plant biodiversity in tropical and subtropical 19 
Australia. In: Erskine, P.D., Lamb, D., Bristow, M. (Eds.), Reforestation in the Tropics and 20 
Subtropics of Australia Using Rainforest Tree Species. RIRDC, Canberra, in press.  21 
Webb, L.J., 1966. The rape of the forests. In: Marshall A.J. (Ed.), The Great Extermination. 22 
A Guide to Anglo-Australian Cupidity, Wickedness and Waste. Heinemann, London, pp. 23 
156-205. 24 
 26
Wet Tropics Management Authority, 2003. Wet Tropics Conservation Strategy: Draft for 1 
Comment. Wet Tropics Management Authority, Cairns. 2 
Wilson, R., 2000. The impact of anthropogenic disturbance on four species of arboreal 3 
folivorous possums in the rainforest of north eastern Queensland, Australia. Unpublished 4 
PhD Thesis, James Cook University, Townsville. 5 
Winter, J.W., 1988. Ecological specialisation of mammals in Australian tropical and 6 
subtropical rainforest: refugia or ecological determinism. In: Kitching, R.L. (Ed.), Ecology of 7 
Australia's Wet Tropics. Proc. Ecol. Soc. Aust. 15, 127-138 8 
Wood, M.S., Stephens, N.C., Allison, B.K., Howell, C.I., 2001. Plantations of Australia – A 9 
Report for the National Plantation Inventory and the National Farm Forest Inventory.  10 
National Farm Forest Inventory, Bureau of Rural Sciences, Canberra. 11 
12 
 27
Table 1. Potential consequences of plantation development for biodiversity in cleared 1 
rainforest landscapes.  2 
Scale of 
impact  
Positive consequences Negative consequences 
On-site 1. Trees used in plantations may 
have more conservation value than 
existing vegetation such as pasture 
2. May provide habitat for rainforest 
specialist biota 
3. May facilitate the regeneration of 
rainforest plants (e.g., by shading out 
grasses, creating a favourable 
microclimate, fire suppression) 
1. Plantations may replace existing 
rainforest habitat (e.g., remnant forest 
patches and regrowth) 
2. May provide habitat for weeds and 





1. May buffer remnant forests from 
adverse environmental conditions 
2. May facilitate the dispersal of 
rainforest species between remnant 
forest patches 
3. May increase population sizes of 
rainforest species as a result of 
additional habitat or resources 
4. May improve downstream water 
quality and provide habitat for 
aquatic biota  
5. May lead to reduced pressure on 
the harvest of rainforests elsewhere  
6. Will sequester carbon and hence 
contribute to mitigating or reducing 
climate change 
1. Exotic tree species used in 
plantations may invade native forests 
2. Exotic genotypes of native trees 
used in plantations may invade local 
gene pools  
3. Weeds and feral animals harboured 





Table 2. Assemblage similarity of biota recorded in old plantations of hoop pine, kauri 1 
pine and Queensland maple, and intact rainforest, Gadgarra State Forest, north 2 
Queensland.  3 
(i) plant species 4 








0.62   
Plantation: 
Qld maple 
0.61 0.63  
Rainforest 0.52 0.53 0.49 
 5 
(ii) bird species 6 








0.71   
Plantation: 
Qld maple 
0.78 0.72  
Rainforest 0.69 0.79 0.77 
Note: Plants were surveyed on five 78.5 m2 quadrats per site (Wardell-Johnson et al., 2004); 7 
birds were recorded from eight 30 minute surveys of a 0.30 ha transect per site (Catterall et 8 
al., 2004b). Data were pooled from surveys of two replicate sites of each forest type, giving 9 
total survey area per plantation of 0.08 ha for plants, 0.60 ha for birds. Assemblage similarity 10 
based on Sorenson’s index (the proportion of species shared between sites), as per Keenan et 11 
al. (1997).12 
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Table 3. Potential consequences of plantation scenarios for biodiversity in cleared rainforest landscapes of eastern Australia.  1 
Scenario   Positive consequences   Negative consequences 
   On-site   Off-site   On-site   Off-site 
 1 2 3  1 2 3 4 5 6  1 2  1 2 3 
Eucalypt monoculture 
plantations 
  + 
 




 -- -- 
Hoop pine monoculture 
plantations 
+ + ++ 
 




 -- - 
Mixed species cabinet 
timber plantations 
++ + ++ 
 




- - - 
Mosaic of monoculture 
plantations 
++ + ++ 
 




- - - 
Mosaic of plantations 
and restoration 
+++ +++ +++ 
 




- - - 
Note: + positive consequence; -, negative consequence; ?, consequences vary primarily with design and/ or management. For each criterion, 2 
the relative impacts of scenarios are ranked from low (one symbol) to high (three symbols). For list of consequences, see Table 1.3 
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List of figures. 1 
Fig. 1. The proportion of ‘rainforest’ bird species (mean, S.E.) recorded in surveys of   2 
eucalypt plantations, hoop pine plantations and intact rainforest, subtropical 3 
Queensland.  4 
Note: ‘Rainforest’ birds are species apparently dependent on or associated with rainforest 5 
in south-east Queensland and north-east New South Wales (based on a variety of sources, 6 
principally Kikkawa, 1968, 1991; see list in Kanowski et al., 2004a). Data for eucalypt 7 
plantations are from Boorsboom et al. (2002); for details of surveys in hoop pine 8 
plantations and rainforest, see Catterall et al. (2004b). In eucalypt (E. cloeziana) 9 
plantations, ‘young’ = 16 years, ‘old’ = 40 years; in hoop pine plantations, ‘young’ = 9 – 10 
15 years, ‘old’ = 45 - 70 years. The number of sites in each category is shown on the graph. 11 
 12 
Fig. 2. Richness of ‘rainforest’ bird species (mean, S.E.) recorded in young hoop pine 13 
plantations, mixed species cabinet timber plantations, ecological restoration plantings 14 
and intact rainforest, tropical Queensland.  15 
Note: ‘Rainforest’ birds are species apparently dependent on or associated with rainforest 16 
(based on a variety of sources, principally Kikkawa, 1968, 1991; Crome et al., 1994; see 17 
list in Kanowski et al., 2004a). Data from eight 30 minute surveys of a 0.3 ha plot per site. 18 
See details in Catterall et al. (2004b). Age and number of sites as follows: hoop pine (age 6 19 
– 11 years, n = 5), cabinet timber (age 7 – 9 years, n = 5); ecological restoration (age 6 – 20 
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